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Abstract
We discuss the decays X∗ → Xe+e− (“Dalitz decays”) of excited
heavy mesons into their ground states and an electron–positron
pair. We argue that the measurement of the invariant mass spec-
trum of the lepton pair gives clear indication on the quantum
numbers of the excited meson and thus provides an experimental
test of the quark model predictions.
PACS numbers: 14.40.Lb, 14.40.Nd, 12.39.Jh, 13.40Hq, 13.20Fc, 13.20.He,
13.25.Ft, 13.25.Hw
We investigate radiative decays of excited heavy mesons with charm and
beauty, i.e. D∗0, D∗+s , B
∗0 and B∗0s , into their ground state plus an electron–
positron pair. There are several reasons that led us to investigate these
decays:
1. The quantum numbers J and P of the excited mesons given in the
Review of Particle Physics [1] are either merely predictions of the quark
model, which gives for the particles discussed here JP = 1−, or at best
the quantum numbers need confirmation 1.
2. The quantum numbers of some even higher heavy meson states, depend
on the correct assignments for the X∗’s which are the focus of the
present work.
3. The central values of the branching ratios for D∗0 → D0γ and D∗0 →
D0π sum up to exactly 100 % [1]. Only closer inspection of both rele-
vant experimental papers [2] reveals that this was one of the assump-
tions underlying the analyses. A similar assumption was made for D∗±s ,
where again it was assumed that branching ratios for D∗+s → D
+
s γ and
D∗+s → D
+
s π
0 sum to 100 % [3]. Although the current errors on the
individual branching ratios are clearly higher than the branching ratios
for the decay into a Dalitz pair which, as we will see below, are of the
1We would like to mention here, that for the B–meson even the quantum numbers of
the ground state are not known experimentally; nevertheless we assume JP (B) = 0−.
order of 0.5% of their real photon emission counterparts, in the long
term this channel cannot be neglected. Especially in light of future pre-
cision measurements in the B–sector, a precise tracking of all outgoing
D’s is required. In other words, it is important to know which decay
of X∗ has the closest branching ratio to the decays that have been al-
ready measured. Let us remark, that for the B∗ decay, for which the
dominant mode is B∗ → Bγ, its decay into Be+e− presented here has
a much larger rate (about 0.5%, see below) than the decay B∗ → Bγγ,
recently discussed in [4].
4. The only recent theoretical analysis of an X∗ → Xe+e− decay was
performed for D∗ → De+e− [5] and yielded R ≈ 0.001, where the ratio
R is defined as
R =
Γ(X∗ → Xe+e−)
Γ(X∗ → Xγ)
=
Γee
Γγ
(1)
with X = D. As found below, we predict R to be about 5 times
larger than the result of [5]. Let us note here that the suggestion to
use the ratio between the Dalitz decay and the real photon emission–
and in particular its q2 ≡ m212 dependence–to determine the quantum
numbers of the decaying particle, was made many years ago [6, 7]. Our
results are consistent with theirs.
Since we will be mainly concerned with ratios R, where X = D, B,
it is sufficient to parametrize the X∗ → Xγ transition with some effective
coupling constant gX∗Xγ and a suitable form factor F . We replace the various
form factors possible for off–shell photons by a single one, and furthermore
assume that it is independent of q2. This is justified by the observation that
for all the X∗–X combinations we consider, the mass difference ∆X∗X ≡
mX∗ − mX is of the order of up to 150 MeV and thus much smaller than
the ρ–mass which is the most relevant one in the vector dominance model
for the form factors. Therefore the influence of the form factors on the
results is indeed very small. We have confirmed that our numerical results
are practically unaffected by the assumption F(q2) ≈ F(0).
The matrix elements we consider read [8]
M1−0−γ = gX∗Xγ · F(q
2) · ǫαβµνǫα(γ)ǫ
∗
β(X
∗)Pµ(X
∗)qν(γ)
M2+0−γ = gX∗Xγ · F(q
2) · ǫαβµνǫα(γ)Pβ(X
∗)ǫ∗µρ(X
∗)qν(γ)q
ρ(γ) . (2)
We have concentrated here on the 1− and 2+ quantum numbers for the excited
and 0− for the ground state, since in the D–system the quantum numbers
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of the ground states are known to be 0− and because the D∗ decays into a
D and both a pion or a photon. Therefore, the 1− and 2+ are the lowest
lying quantum numbers allowed for the D∗. In fact, for the B–system the
situation is slightly different. Here the small mass difference of the B∗ and
the B of roughly 45 MeV does not provide enough phase space for the B∗ to
decay into a B and a π, hence the B∗ could in principle be a 1+. This would
cause the relevant strong coupling constant gB∗Bpi to vanish. However, we
consider this idea to be too far–out and will not discuss it here.
We use the completeness relations (for the 2+ see e.g: [9])
∑
ǫ∗µ(p)ǫν(p) = −
(
gµν −
pµpν
p2
)
∑
ǫ∗µν(p)ǫρσ(p) =
1
2
[(
gµρ −
pµpρ
p2
)(
gσν −
pσpν
p2
)
+
(
gσµ −
pσpµ
p2
)(
gνρ −
pνpρ
p2
)
−
2
3
(
gµν −
pµpν
p2
)(
gρσ −
pρpσ
p2
)]
. (3)
After squaring, summing and averaging we obtain for the the decay into a
real photon
3
∑
|M1−0−γ|
2 = 2g2X∗Xγ · F
2(0) · (Pq)2
5
∑
|M2+0−γ|
2 = g2X∗Xγ · F
2(0) ·
(Pq)4
P 2
, (4)
where P and q are the momenta of the excited meson and the photon, re-
spectively. The resulting branching ratios are given by
Γ1−→0−γ = g
2
X∗Xγ · F
2(0) ·
(m2X∗ −m
2
X)
3
96πm3X∗
Γ2+→0−γ = g
2
X∗Xγ · F
2(0) ·
(m2X∗ −m
2
X)
5
1280πm5X∗
. (5)
With suitable replacements we recover the known result for the width of the
decay a2 → πγ [10].
For the decay into e+e− the polarization vector ǫµ of the photon has
to be replaced by the lepton–current eu¯(e−)γµu(e
+). Squaring the matrix
elements and summing and averaging over polarizations yields
3
∑
|M1−0−ee|
2 = 2g2X∗Xγ ·
F2(q2)
q4
·[
4m2e
(
(Pq)2 − P 2q2
)
+ q2
(
2(Ppe)
2 + 2(Ppe¯)
2 − P 2q2
)]
(6)
3
5
∑
|M2+0−ee|
2 = g2X∗Xγ ·
F2(q2)
q4
·
(Pq)2 − P 2q2
P 2
·[
4m2e
(
(Pq)2 − P 2q2
)
+ q2
(
2(Ppe)
2 + 2(Ppe¯)
2 − P 2q2
)]
. (7)
The resulting widths Γ(X∗ → Xe+e−) and their respective ratios to the real
photon widths agree with the results given in [7]. Our results for the ratio
R, defined in Eq. 1, in some meson systems are displayed in Table 1. All of
them are of the order of 5 ·10−3. As can be observed from the table, the ratio
X R (1−) R (2+) B(X∗ → Xγ) mX∗ −mX
B0s 4.65 ×10
−3 4.34 ×10−3 dominant 45.78± 0.35 MeV
B0 4.69 ×10−3 4.38 ×10−3 dominant 45.78± 0.35 MeV
D±s 6.45 ×10
−3 6.14 ×10−3 0.942± 0.025 143.8± 0.4 MeV
D0 6.44 ×10−3 6.13 ×10−3 0.381± 0.029 142.12± 0.07 MeV
D± 6.42 ×10−3 6.11 ×10−3 0.011
+0.021
−0.007
140.64± 0.10 MeV
K0 7.99 ×10−3 (7.68 ×10−3) 0.0023± 0.0002 398.42± 0.28 MeV
Table 1: Predicted ratios R = Γ(X∗ → Xe+e−)/Γ(X∗ → Xγ), for some
mesonic systems X . The branching ratios B(X∗ → Xγ) and mass differences
mX∗ −mX are from [1]. We have assumed mB∗
s
−mBs = mB∗d −mBd . The
number for theK∗(892) decay is included for completeness only, since here form
factors might become important, and of course, the K∗(892) is a 1−–particle.
Note however that K∗(892)→ Ke+e− has not been observed. The only ratio
for a heavy system X observed so far is B∗ [11], where R = (4.7± 1.1± 0.9)×
10−3.
R may serve as an indicator for the JP quantum numbers of X∗ mesons,
which are believed to have JP = 1−. At present, the only ratio for which
an experimental number exists is R = (4.7± 1.1± 0.9)× 10−3, for B∗ decay
[11]. Although the central value agrees well with the quark model quantum
numbers JP (B∗) = 1−, it is premature to claim, in view of the large error, a
clear–cut rejection of the 2+ possibility.
A better indicator for the quantum numbers of X∗ is the distribution of
the invariant mass squared (q2 = m212) of the e
+e− pair. To illustrate the
effect of different quantum numbers on dΓ(X∗0 → X0e+e−)/dq2, scaled by
4
4m
e
2 0.0005 0.001 0.0015 0.002
q2 = m12
2
    [GeV2]
1×10−3
1×10−2
1×10−1
1×100
1×101
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Figure 1: m212–distribution of the electron–positron pairs in the Dalitz decay
B∗ → Be−e+ with q the invariant mass of the pairs. Clearly, the quantum
numbers affect the tail of the distribution.
Γ(B∗0 → B0γ), we display in Fig. 1 the results for the B–system. Similar
results are obtained for X = D. Clearly, the change in the quantum numbers
affects the tail of the q2–distribution of the electron–positron pairs by factors
about 2 and larger. Modifications of q2 distribution depicted in Fig. 1 by
Vector Meson Dominance form factors would be practically invisible. This
provides an excellent tool to determine the quantum numbers of X .
To summarize, we have presented results for the decay widths of D∗ →
De+e−, D∗±s → D
±
s e
+e− and B∗0 → B0e+e−. All of them are of the order of
roughly 0.5% of the corresponding decays into real photons, as expected from
a QED–like calculation. The difference between the two JP assignments 1−
and 2+ for the the decaying particle, is about 5%. A significant difference
arises for the q2–distribution, especially at high q2. In the light of the recent
experimental results by [11] on the invariant mass spectrum in the Dalitz
decay of B∗’s we are very optimistic that the ambitious measurements we
advertise are feasible.
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